Introduction
The National Labor Relations Board (NLRB) recently issued its ruling against graduate student unionization at Brown University, a reversal of its landmark ruling in New York University in 2000. In contrast, union organizers at public institutions have been increasingly successful in securing collectively bargained contracts beginning with the University of Wisconsin, Madison, in 1969. Graduate student unionization may have nontrivial economic effects on the stipends received by graduate students and the research and instructional labor costs paid by universities. A well-informed debate on the issue demands an understanding of these economic consequences and has implications for administrators and graduate student voters considering unionization.
The graduate student unionization movement stems largely from student dissatisfaction with increased teaching demands without commensurate increases in stipends. Cutbacks in state and federal appropriations have forced institutions of higher education to reduce instructional costs by shifting teaching burdens away from tenured faculty members toward relatively cheaper graduate students and adjunct faculty (Ehrenberg and Zhang 2005) .
These increased teaching demands may contribute to the well-documented rise in time to degree for doctoral students (Bowen and Rudenstine 1992) . Indeed, many graduate students are motivated by this line of reasoning: a case study indicates that increased time to degree is among the primary reasons cited for seeking union status (Julius and Gumport 2002) . This paper draws on the union wage gap and union threat literatures. Several papers have focused on the union wage differential in higher education in particular. For example, Monks (2000) finds that faculty unionization is associated with a 7 to 14 percent wage premium, and Klaff and Ehrenberg (2003) find evidence of a modest union effect on higher education staff salaries. While there is a growing literature on the legal context of graduate student unionization and case studies of its economic effects, I contribute to the literature by providing the first estimates of the union wage effect for graduate student unions in a multivariate panel data setting.
This paper also utilizes a novel measure of union threat to estimate its impact on stipends. Previous empirical research typically uses union density in a cross-industry or cross-region framework as the measure of union threat (e.g. Neumark and Wachter 1995) . This paper measures union threat using data on organizing activity from the Council of Graduate Education Unions, an organization that supports graduate student unions. Colleges and universities face a union threat when ununionized graduate students have organized in conjunction with established unions such as the United Auto Workers or the American Federation of Teachers or have secured a graduate student body vote on unionization.
In this paper, I estimate union-related premiums separately for teaching and research assistant stipends using a survey of graduate departments administered by The Chronicle of Higher Education. Survey respondents in biology, economics, English, history, mechanical engineering, and sociology departments provided data on stipend levels for teaching and research assistants for 2000, 2001 , and 2003. The primary independent variables of interest are union and union threat. The baseline specification is an ordinary least squares approach controlling for department rank, institutional wealth, cost of living, employment size, and contract conditions along with field and year fixed effects. Using data collected from union contracts, I also estimate reduced-form models identifying unions as teaching assistants only or both teaching and research assistants. To purge the estimates of unionrelated premiums from the biasing effects of endogeneity, I estimate instrumental variables specifications using public status, the share of workers in the state represented by unions, and their interaction as instruments for union-related activity. Lastly, because error terms among departments in a given institution may be correlated, I estimate a set of seemingly unrelated regression models.
The Process of Graduate Student Unionization
The typical process of unionization begins with a movement to secure a graduate student body vote on unionization. This organizing effort often comes with the assistance of established unions such as the United Auto Workers and the American Federation of Teachers. If the student body votes to unionize, typically by majority vote, then the academic institution may choose to recognize the union as a collective bargaining unit.
Should the institution recognize the union, the two parties then negotiate over an employment contract for all students covered by the collective bargaining agreement.
The unionization process is subject to legal constraints imposed by state legislatures and the National Labor Relations Board. The legal debate focuses on determining whether teaching and research assistants are primarily students or primarily employees. As subdivisions of the state, public colleges and universities are exempt from laws requiring union recognition (Pollack and Johns 2004) . However, many states have passed legislation permitting graduate students to form unions and collectively bargain for wages and benefits. Public institutions in states where graduate students are designated as primarily students are not required to recognize a student body vote on unionization or any union association formed among students.
Successful graduate student unions have taken on issues beyond stipends such as fringe benefits and institutional governance. For example, the Graduate Employees Organization at the University of Massachusetts claims responsibility for securing free health insurance, tuition and fee waivers, reasonable workload standards, grievance procedures, childcare, sexual harassment policies, and dental insurance (University of Massachusetts GEO 2005). This behavior is consistent with union effects on work conditions and fringe benefits in more general settings (Freeman 1981) . Despite these purported gains for graduate students, student support for unions is not universal. For example, graduate students at the University of Minnesota voted against unionization three consecutive times (Jaschik 2005 ).
The legal constraints at private institutions are markedly different from their public counterparts. Legal precedent by the NLRB viewed graduate students at private institutions as students rather than as employees, a view typically supported by administrators at colleges and universities. Despite this legal environment, Yale University's Graduate Employee Student Organization went on strike in 1995 in an unsuccessful attempt to compel the university to recognize it as a union (Cage 1995) . Over the next several years, graduate students at other prestigious private institutions made headway in the process to unionize. These efforts peaked when a case on the legality of graduate student unionization at New York University reached the NLRB. The case attracted significant national attention and included amicus briefs from prominent educational organizations and highly ranked colleges and universities. In New York University (332 NLRB No. 111 2000), the board reversed almost thirty years of precedent by ruling in favor of the union organizers. Notably, research assistants were judged to be working on research that would relate to their dissertations and thus were not serving primarily as employees. 
The Data
The primary goal in this paper is to estimate the magnitude of union-related premiums among graduate student stipend levels. To test for evidence of these premiums, I construct a panel dataset with the department- [ Table 1 . Union-Related Activity by Institution]
My measures of union-related activity at each institution come from the Council of Graduate Education
Unions, Julius and Gumport (2002), and other sources including news coverage in the press. Table 1 Disaggregating the union sample by collective bargaining unit composition reveals that teaching assistants are always covered by graduate student unions, but there is variation in whether research assistants are included.
19.9 percent of the teaching assistant department-years face a teaching assistant only union and 4.2 percent face a joint teaching and research assistant union. The comparable shares for the research assistant department sample are 17.9 percent and 4.6 percent respectively.
The mean cost of living is $8,808.78 for the teaching assistant sample and $8,910.10 for the research assistant sample. Contracts for research assistants are on average longer than those for teaching assistants. The mean department-year employs 34.96 teaching assistants and 73.11 research assistants in each respective subset of biology, economics, mechanical engineering, and sociology department-years.
Empirical Methodology
The baseline empirical approach is to estimate a typical program evaluation reduced-form specification by regressing the natural log of the stipend level on institutional and department characteristics. 4 The empirical specification is:
In equation (1), Y ijt is the stipend for department i at institution j in year t, and X ijt consists of department level characteristics including the time invariant National Research Council department rank in its field, the number of teaching (or research) assistants employed by the department, and the contract length in months. Department rankings pose a methodological problem because rankings are an ordinal measure and not comparable between fields. Consequently, the specification includes dummy variables for department j being ranked in the first ten departments and for being ranked in the second ten departments. Institution level characteristics in Z jt consist of dummy variables for union and union threat, the natural log of total expenditure per full time equivalent student, and the natural log of the estimated cost of living. The specification also includes field fixed effects, m i , year fixed effects, n t , and a error term ε ijt . I run regressions separately for teaching assistant stipends and research assistant stipends after a Chow test revealed structural differences in the baseline ordinary least squares model. 5 Because stipends for graduate students may not vary by student-level characteristics such as education or experience, I estimate union-related differentials under the assumption that all teaching (or research) assistants in a given department j in institution i in year t are identical. This allows me to use employment size as a frequency weight for the subset of biology, economics, mechanical engineering, and sociology departments for more precise estimates at the cost of a reasonable assumption.
Union-related activity may be endogenous because departments that pay lower stipends may be prone to unionrelated activity. A standard approach to treat this endogeneity is to employ an instrumental variables method.
Descriptive and legal research on the presence of graduate student unions have identified public institution status, legality of public sector unionization, and the degree of unionization statewide as predictors of union status (Julius and Gumport, 2002) . Unfortunately, state variation in the legality of public sector unionization is perfectly correlated with union status in this sample. The empirical results using either the share of employees that are members of unions and the share of employees represented by unions are qualitatively similar, and my preferred specification uses the latter, the public status of the institution, and an interaction term as the instruments for union activity.
The errors terms across departments and within an institution may be correlated. I estimate seemingly unrelated regression models after a Breusch-Pagan test suggests that the error terms in each equation are correlated. This may not be surprising because departments that pay more than their predicted stipend levels may be at institutions that systematically pay generous stipend levels for all departments. Department level variation within an institution comes from variation in rankings and contract lengths. I use the numerical value of the department rank in these estimates instead of the dummy variables for first and second ten ranked departments. Table 3 presents the results from the baseline reduced-form specification using the strict definition of union. [ Table 3 . Ordinary Least Squares Results (Dependent Variable: Natural Log Stipend)]
Results
The estimates using department research assistant stipends as the dependent variable are provided in column (3). There is substantial variation in stipends between fields. Biology and mechanical engineering departments pay higher stipends and English and history departments pay lower stipends relative to sociology departments.
To the extent that the distribution of research assistant stipends is equal to the distribution of stipends of teaching assistants without unionization, this is consistent with evidence that graduate students in the sciences are more often opposed to unionization relative to those in arts and humanities (Julius and Gumport 2002). The greater variation across subjects among research assistant stipend levels may reflect more pervasive union wage compression among teaching assistants. There is no evidence of any rankings premium among research assistant stipends in this specification and no evidence of any union or union threat effect. Departments with higher levels of expenditure per full time equivalent student pay greater stipends at the ten percent significance level, but higher costs of living are not associated with stipends, all else equal.
Columns (2) and (4) provide the results after controlling for union coverage. Surprisingly, the bulk of the union premium for teaching assistants takes place at departments subject to joint teaching and research assistant unions. There is no evidence of any union premium when the department is covered by a teaching assistant only union. In contrast, there is a -8.4 percent return to having a teaching assistant only union on research assistant stipend levels. This is the first piece of evidence suggesting that departments subject to teaching assistant only unions reduce the stipend paid to research assistants.
[ Table 4 . Ordinary Least Squares Results with Employment Weights (Dependent Variable: Natural Log
Stipend)]
Under the assumption that all teaching or research assistants in a given department-year are paid the equally, I
weight the sample by the employment size for a subset of fields. After dropping English and history departments, the sample consists of 17,200 teaching assistants and 29,242 research assistants. The results in Table 4 for department premiums are similar to the unweighted sample for teaching assistants. However, teaching assistants at departments ranked in the top ten of their field receive 2.4 percent more than those at departments ranked beyond twenty. Teaching assistants at departments ranked in the second ten make 1.3 percent less than those ranked beyond twenty. These results are similar to Rees' (1993) evidence that faculty salaries at better ranked institutions are paid higher salaries. There is evidence of a 6.0 percent union wage premium and a 2.9 percent union threat premium for teaching assistants. In column (2), I find positive premiums among teaching assistant stipends for both teaching assistant only unions and joint teaching and research assistant unions, and the larger premium comes from unions composed of both types of graduate student assistants.
The results for research assistants in the weighted sample are similar to those in the unweighted sample.
Notably, there is a weak negative effect of unions on the whole for research assistants, but when controlling for composition, there is evidence of a -2.8 percent effect of teaching assistant only unions and a 6.8 percent effect of joint teaching and research assistant unions. This suggests that while both teaching and research assistants in unions that cover both types of assistants receive positive wage premiums, teaching assistants under teaching assistant only unions receive higher stipends while research assistants receive lower stipends. In both specifications, departments facing the threat of a union pay greater stipends to research assistants.
[ Table 5 . Selected Instrumental Variables Results for (Dependent Variable: Natural Log Stipend)] Table 5 presents selected coefficient estimates and standard errors for the instrumental variables specifications using institutional public status, the share of state employees represented by unions, and the interaction between as instruments for the unweighted sample. Columns (1) and (3) present estimates instrumenting for both union and union threat. Among teaching assistant departments, there is no evidence of any union premium but strong evidence of a 30.5 percent union threat premium. For research assistant departments, there is weak evidence of a negative effect of having a union. In columns (2) and (4), I instrument for any union activity defined as either having a union or under union threat. In this specification, there is evidence of a 7.3 percent premium to union activity for teaching assistants and no evidence of any premium for research assistants.
[ Table 6 . Ordinary Least Squares Results with Contract Experience Control (Dependent Variable: Natural Log
Stipend)] Barbezat (1989) and Rees (1993) use similar reduced-form models to estimate the union wage differential among faculty salaries but control for the length of time the department has been subject to the collective bargaining process. Estimates in Table 6 include the time since first contract as a control, and the time for department-years without contracts are coded as zero. For teaching assistant departments, an additional year subject to collective bargaining decreases the stipend paid to teaching assistants by 0.4 percent. There is evidence of a 5.1 percent return to teaching assistant only unions and a 22.0 percent return to joint teaching and research assistant unions. In contrast, an additional year subject to collective bargaining increases the stipend paid to research assistants by 0.5 percent. However, there is a -13.8 percent return to teaching assistant only unions and no effect of joint coverage unions. This provides additional evidence that collectively bargained contracts where research assistants are excluded from the bargaining unit are associated with premiums for teaching assistant stipends and a penalties for research assistant stipends. Moreover, teaching assistant stipends diminish and research assistant stipends rise with union experience.
[ Table 7 . Seemingly Unrelated Regressions Results (Dependent Variable: Natural Log Stipend)]
Lastly, using the within institution variation in department ranking and length of contract, I estimate a series of seemingly unrelated regression models. Although the sample size decreases dramatically to only include institution-years that have data for all six departments, the Bruesch-Pagan test on the reduced sample suggests that the error terms across equations are correlated. The results of this specification are provided in Tables 7 and   8 . The top panel provides selected coefficients and standard errors for the teaching assistant department sample.
Although the sample sizes are small, there is evidence of returns to department rank for mechanical engineering departments and weak evidence for English departments. That is, better ranked departments in these fields pay larger stipends to their teaching assistants. Moreover, there are positive returns to union threat in English and sociology departments and weak evidence for economics and history. The bottom panel provides the results for research assistants. Again, the sample size decreases dramatically as only 28 institution-years provide data for all six departments. There is evidence of positive union and union threat effects for biology and sociology departments.
[ Table 8 . Seemingly Unrelated Regression Results (Dependent Variable: Natural Log Stipend)] Table 8 presents the results controlling for collective bargaining unit composition. There is weak evidence that better ranked departments in English and mechanical engineering pay higher stipends to teaching assistants.
There is no evidence of a teaching assistant only union premium in any field and positive returns to joint coverage unions for biology, English, history, and mechanical engineering. Union threat is associated with an increase in stipends in English, history, mechanical engineering, and sociology. The bottom panel for research assistants
indicates that better ranked history and mechanical engineering departments pay higher stipend levels. Surprisingly, there is a positive return to teaching assistant only unions among mechanical engineering and sociology departments. I find positive effects of joint coverage unions in biology, English, and sociology departments, and evidence of a union threat premium in mechanical engineering and sociology departments.
Discussion
The primary objective is to test for the presence of union and union threat premiums using data from a survey of biology, economics, English, history, mechanical engineering, and sociology departments administered by the Chronicle of Higher Education. I find that there are indeed returns to union-related activity among stipend levels. Evidence of positive union and union threat premiums among teaching assistants is robust across a variety of estimation techniques. In contrast, there is less evidence of a union premium on research assistant stipends and often of negative sign when weakly statistically significant. I do not find a union threat effect for research assistant stipends. Controlling for union composition, there is consistent evidence of a negative return to teaching assistant only unions among research assistant stipend levels and a positive premium among teaching assistant stipends.
Despite department rank playing a role in faculty compensation (Rees 1993), it is only modestly associated with graduate student stipend levels. In the weighted specification, top ten departments pay higher stipend levels relative to departments ranked beyond twenty for both teaching and research assistants. Teaching assistants in the second ten ranked departments receive lower stipends and research assistants in the second ten receive higher stipends relative to those beyond twenty. While the seemingly unrelated regression specifications suffer from small sample size, I find evidence that higher quality departments in some fields pay greater stipends even after controlling for institutional wealth and cost of living.
These findings suggest that union organizers have been successful at raising stipend levels for their teaching assistant members. However, stipend increases for teaching assistants may come at the expense of research assistants unless the latter are included in the collective bargaining unit. This result is consistent with anecdotal evidence that science and engineering graduate students, predominantly research assistants, often oppose unionization. Joint composition unions are also not associated with stipend increases for research assistants. Union threat is associated with stipend increases for teaching assistants, perhaps because institutional administrators raise stipends to stave off attempts to organize graduate students into a union. There is less evidence of a union threat effect for research assistant stipends.
These estimated union-related premiums yield voting predictions for graduate students considering unionization. Assume that students vote on stipends only, union-related premiums are those estimated in columns (2) and (4) in Table 6 , the stipends paid to teaching and research assistants in the absence of unionization are equal, and students who are indifferent abstain and write their dissertations or teach instead. Consider the restrictive case where students are assigned to either teaching or research assistantships for the entire duration of graduate study.
At institutions where graduate students vote on a teaching assistant only union, the estimated premiums predict that teaching assistants vote in favor and research assistants against it. Unionization passes by majority vote when there are more teaching assistants than research assistants. When considering a joint coverage union, the results predict that teaching assistants vote for unionization and research assistants are indifferent. Unionization passes whenever there are teaching assistants at the institution.
Alternatively, consider the more realistic case where students switch between teaching and research assistantship positions over the course of their graduate careers. Assume graduate students vote by comparing the expected sum of their stipend levels with and without unionization. Because the loss to research assistants is larger in magnitude than the gain to teaching assistants, the results predict that teaching assistant only unionization passes when more than half of the graduate students are teaching assistants for at least 73 percent of the time. 7 The estimated premiums predict that unionization for joint coverage unions always passes whenever students spend positive time as teaching assistants.
What about the labor costs paid by institutions? In the case where assistantship assignments are fixed, institutions face greater labor costs when they contract with a teaching assistant only union and at least 73 percent of the students are teaching assistants. Labor costs for joint coverage unions unambiguously rise when there are any teaching assistants. When students switch between teaching and research assistantships, labor costs rise when at least 73 percent of the graduate students are teaching assistants in a given period. Institutions with negotiated contracts with joint coverage unions have unambiguous increases in labor costs. These back of 7 Let x be the number of semesters as a teaching assistant and T be the time to degree. Then a student votes for unionization if
the envelope calculations suggest that joint coverage unions are more likely to win majority approval by graduate students but result in higher labor costs for the institution. Teaching assistant only unions may cost the institution less, but as the probabilty of winning majority student support rises, institutional resistance increases.
Stipends, however, are not the only issue of concern to graduate student unions. Subsequent empirical research should explore the union effect on fringe benefits such as institutional support for student and family health insurance. Studies can also explore whether union membership reduces time to degree for graduate students. Institutional expenditure and the quality of instruction for undergraduate students are additional factors that may be affected by unionization and deserve attention as administrators, graduate students, and lawyers debate the merits of graduate student unionization. 31 * significant at 10%; ** significant at 5%; *** significant at 1% Other control variables include time fixed effects, dummy variable for department ranked in the top ten, dummy variable ranked in the second ten, and missing value flags for empl, ln_exp_fte, ln_cola, and contract_mo. 45 * significant at 10%; ** significant at 5%; *** significant at 1% Other control variables include time fixed effects, dummy variable for department ranked in the top ten, dummy variable ranked in the second ten, and missing value flags for empl, ln_exp_fte, ln_cola, and contract_mo. 30 * significant at 10%; ** significant at 5%; *** significant at 1% Other control variables include field dummy variables, department ranked in the top ten, dummy variable ranked in the second ten, employment, natural log of expenditure per full time equivalent student, natural log of cost of living, and missing value flags for empl, ln_exp_fte, ln_cola, and contract_mo. 
